Several studies have shown that isolates ofEdwardsiella ictaluri obtained from infected channel catfish in the southeastern United States harbor two cryptic plasmids, designated pCL1 (5.7 kb) and pCL2 (4.9 kb). These isolates appear to be serologically homogeneous. To extend these studies, we focused our analyses on two isolates of nonictalurid origin. Plasmid analyses of a danio isolate showed that it harbored plasmids which were similar if not identical to pCL1 and pCL2. This strain was also serologically indistinguishable from those isolated from channel catfish. In contrast, a green knife fish (GNF) isolate harbored four plasmids with relative mobilities of 6.0, 5.7, 4.1, and 3.1 kb. Southern blot analyses indicated that only the 5.7-and 4.1-kb plasmids strongly hybridized under high-stringency conditions to probes specific for pCL1 and pCL2, respectively. The GNF isolate showed minimal reactivity when reacted with polyclonal antiserum prepared against a channel catfish isolate. However, polyclonal antiserum to the GNF isolate strongly reacted with the GNF isolate in both surface fluorescence and agglutination reactions. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis analyses of cell lysates showed that the protein banding patterns of the strains compared were similar. However, Western blots of proteinase K-digested cell extracts showed that 0 antigen of the GNF isolate was antigenically distinct from the 0 antigen of the other isolates. These studies indicate that there are different serotypes of E. ictaluri and suggest that plasmid and serological analyses of future isolates ofE. ictaluri can be used to determine whether structurally distinct strains are emerging in major channel catfish aquaculture areas.
Edwardsiella ictaluri was first identified and characterized in 1981 (4) and can be readily distinguished from the more common member of the genus, E. tarda, by biochemical analyses (15) . E. ictalun is the bacterial pathogen responsible for enteric septicemia of catfish (ESC) (3) . ESC has been viewed as an acute septicemia that can progress rapidly in apparently healthy, fast-growing catfish and can result in extensive mortality. ESC has become a significant problem in the aquaculture of channel catfish in the southeastern United States.
The incidence of disease-associated mortality occurs within the optimum temperature range for in vitro growth of the bacteria (22 to 28°C). When the bacterium is isolated from kidney, brain, blood, etc., it generally requires 48 h at 30°C to form typical colonies approximately 2 mm in diameter. This relatively slow rate of growth initiated our earlier studies to determine the plasmid profile of different isolates of E. ictaluri obtained from infected channel catfish raised in the southeastern United States (7) . The analyses showed that two plasmids, designated pCL1 (5.7 kb) and pCL2 (4.9 kb), were both present in each of the E. ictaluri strains examined. The two plasmids were isolated and mapped with various restriction enzymes. These analyses indicated that the restriction maps of the two plasmids were distinct; this apparent lack of homology was further supported by the inability to visualize possible cointegrate structures when plasmid pools were analyzed by agarose electrophoresis. These analyses strongly suggest that plasmid analysis should be an effective method for rapidly identifying isolates of E. ictalun from channel catfish cultured in the southeastern United States. Since this report other investigators have confirmed these results (8, 10) .
Strains of E. ictaluri isolated from infected catfish have been shown to be homogeneous when analyzed in a battery of biochemical tests (14) . In addition, serological analyses using monoclonal antibodies have indicated that different isolates of E. ictaluri appear to be serologically homogeneous (9) . This general conclusion has led to studies directed toward vaccination approaches to control ESC in cultured channel catfish. However, there have now been several reports of E. ictaluri infecting other fish besides channel catfish. We focused our analyses on two of these isolates. The first isolate was from an infected danio (Danio devario) which was cultured in the southeastern United States (14) . The second isolate was from an infected South American green knife fish (GNF) (Eigemannia virescens) that was maintained in laboratories in La Jolla, Calif. (4a). This strain was recovered in pure culture from the kidneys of fish dying from an acute gram-negative bacteremia. Earlier studies had indicated that the plasmid profile of the GNF isolate was apparently distinct, bearing plasmids of different relative mobilities. The plasmid profile of the danio isolate, however, was similar to the profiles of isolates recovered from infected channel catfish (8, 11) . This apparent difference in plasmid profiles suggested that additional structural differences between E. ictalun strains might exist. These studies have led to this report, which reaffirms the value of plasmid analysis in characterizing E. ictaluri isolates and, equally important, establishes that there are different serotypes of E. ictaluri.
MATERIALS AND METHODS
Bacterial strains and culture conditions. The isolates of E. ictaluri recovered from infected channel catfish (Ictalurus punctatus) were identified and characterized earlier (7 (1) . Biochemical characteristics of the danio and GNF strains were reported (1), and separate analyses confirmed the identification of these strains as E. ictaluri. Characteristic negative biochemical reactions included indole, motility at 37°C, H2S production on triple sugar iron medium, malonate utilization, Simmons citrate, Voges-Proskauer, urease, lactose, adonitol, dulcitol, sorbitol, arabinose, and arginine dihydrolase. Prior to analysis, the cells were recovered from frozen stocks maintained at -70°C and cultured at 30°C in brain heart infusion medium (Difco Laboratories, Detroit, Mich.).
Plasmid and hybridization analyses. The methods used to obtain plasmid pools from the E. ictaluri isolates used in this report, as well as the agarose gel electrophoresis conditions used, were identical to those reported earlier (7) . For hybridization analyses, pCL1 and pCL2 were first resolved by agarose gel electrophoresis, and the supercoiled plasmids were separately recovered from individual gel slices by electroelution. To ensure purity, the plasmids were subjected to a second round of purification, in which the supercoiled plasmids were linearized with EcoRI, separated by electrophoresis, and subsequently electroeluted from agarose gels. The purified plasmids were radiolabeled to a specific activity of about 1 x 109 cpm/,ug by using a random hexamer commercial kit (Amersham, Arlington Heights, Ill.). The methods used for Southern blot analysis and the high-stringency hybridization conditions used followed procedures described in detail elsewhere (2 (Fig. la, lanes A through G) . Each of the channel catfish isolates had previously been shown to harbor both pCL1 (5.7 kb) and pCL2 (4.9 kb) (7) . The plasmid profile of the danio isolate was identical to the plasmid profile of the channel catfish isolates; two plasmids, similar in size to pCLl and pCL2, were observed. The plasmid profile of the GNF isolate, however, was distinct. The GNF isolate contained four plasmids; the relative mobilities of these plasmids were 6.0, 5.7, 4.1, and 3.1 kb, as judged by interpolation from the reference plasmid ladder. Only the GNF 5.7-kb plasmid had a mobility similar to that of one of the known plasmids (pCL1).
To determine the relationship of the plasmids in the GNF and danio isolates to pCL1 and pCL2, as well as to resolve questions regarding the potential similarity of pCL1 and pCL2, pCL1 and pCL2 were separately purified from agarose gels and radiolabeled to the same specific activity. The radiolabeled pCL1 and pCL2 probes were then hybridized separately to replicate Southern blots containing the plasmid DNA from the E. ictaluri isolates. In addition, plasmid pools of pCL1 and pCL2 derived from strain S85-1377 were restricted with enzymes predicted from the previously derived restriction maps to yield fragments for specific regions of both plasmids. Hybridization analyses showed that pCL1 or pCL2 did not cross-hybridize with one another, nor did the probes cross-hybridize with the bacterial chromosome ( Fig. lb and c) . The supercoiled and linearized plasmids, as well as the restriction fragments derived from either pCLl and pCL2, hybridized only with probes derived from the respective plasmid.
In addition, pCLl and pCL2 probes hybridized to the 5.7-and 4.9-kb plasmids, respectively, of the danio isolate. Because these danio plasmids have the same relative mobility as pCL1 and pCL2 and hybridized with probes specific for pCL1 and pCL2, respectively, under stringent hybridization conditions, it seems highly probably that these plasmids are very similar to pCL1 and pCL2. The GNF isolate, which contained four plasmids of different mobilities, was also found to have two plasmids which shared similarity to pCLl and pCL2. The GNF 5.7-kb plasmid hybridized to probes derived from pCL1, and the GNF 4.1-kb plasmid hybridized to probes derived from pCL2. These results are consistent with the conclusion that there is a high degree of similarity between pCL1 and the GNF 5.7-kb plasmid, as well as a high degree of similarity between pCL2 and the GNF 4.1-kb plasmid. The GNF 6.0-and 3.1-kb plasmids did not strongly hybridize to probes derived from either pCL1 or pCL2.
The GNF isolate harbors two other plasmids besides those similar to pCL1 and pCL2. It was important to determine whether the 6.0-and 3.1-kb GNF pools of the GNF isolate were restricted either with enzymes which did not have sites in pCL1 or pCL2 or with enzymes which cut these reference plasmids only once. From these analyses, it appears that the GNF 6.0-and 3.1-kb plasmids are distinct from one another. Of the seven enzymes used for restriction analyses shown in Fig. 2 , Sall was the only enzyme which restricted the GNF 3.1-kb plasmid. However, the same seven enzymes yielded a different restriction profile for the 6.0-kb plasmid. This plasmid did not contain a SalI restriction site but had single sites for EcoRI and ClaI and at least two restriction sites for BamHI. Therefore, there are at least five differences in the restriction sites of the 6.0-and 3.1-kb plasmids. These results suggest that the GNF 6.0-and 3.1-kb plasmids are probably distinct from each other. These results, coupled with the hybridization results described above, indicate that E. ictaluni isolates may harbor additional small plasmids which are not similar to pCL1 and pCL2.
Serological analysis. Polyclonal antiserum to the GNF isolate as well as polyclonal antiserum to a channel catfish isolate (S85-1377) were prepared to determine whether these isolates were serologically different. Comparative analyses using either microtiter agglutination assays or fluorescentantibody analyses indicated that the GNF isolate appeared to be antigenically distinct from these other E. ictaluni strains ( Table 1 ). The anti-GNF isolate antiserum reacted strongly only against the GNF isolate; the serological reactions with the other isolates were marginal. In contrast, the antiserum made to isolate S85-1377 strongly cross-reacted with the type strain ATCC 33202, as well as other E. ictaluri isolates recovered from infected channel catfish. In addition, this antiserum strongly reacted against the danio isolate. However, the anti-S85-1377 antiserum gave only a marginal reaction when reacted with the GNF isolate. These analyses indicate that the GNF isolate appears serologically distinct from these other E. ictalun isolates.
Structural and antigenic analysis of E. ictaluri isolates. To determine whether the serological difference observed between the GNF isolate and the other E. ictaluri strains could be defined, SDS-solubilized cell lysates were analyzed by SDS-PAGE. Cell lysates stained with Comassie brilliant blue showed that the channel catfish isolates as well as the danio isolate had similar protein profiles. The positions of the stained bands as well as their relative intensities were very similar. The GNF isolate also had an essentially similar protein profile, with only a few minor structural differences apparent (Fig. 3A) .
Identical aliquots of the lysates used above were also analyzed in Western blots using the two different anti-E. ictaluni antisera (Fig. 3B and C) . Western blots developed with the anti-S85-1377 antiserum showed that the antigenic profile of the danio lysate was very similar to that observed with the other two E. ictaluri strains obtained from infected channel catfish. In contrast, the antigenic profile of the GNF lysate which reacted with this antiserum was somewhat different from that of these other strains. The anti-S85-1377 antiserum did not detect the same number of bands, nor did these bands exhibit the same relative staining intensity as those derived from the danio or channel catfish isolates. The general conclusion that the antigenic profile of the GNF isolate was different from that of these other isolates was supported when lysates from these strains were reacted with the antiserum derived to the GNF isolate. With this antiserum multiple bands were observed in the lysate of the GNF isolate, but many of the bands in the other strains either were not reactive or reacted with less staining intensity than those from the GNF isolate. There were, however, some proteins which appeared to be antigenically similar in each of these strains. As judged by the relative intensity of the staining reaction with both antisera, as well as the identical relative mobility of the reactive proteins, three proteins, exhibiting relative molecular masses of 97, 43, and 37 kDa, appear to be antigenically similar in each of these isolates.
Proteinase K-treated lysates were also examined in Western blots using these two different antisera ( Fig. 3D and E ). These reactions clearly distinguished the GNF isolate from the other strains. The anti-GNF E. ictaluni antiserum reacted with the lipopolysaccharide (LPS) ladder of the GNF isolate and not with the LPS ladder of the other strains. The converse reaction was observed when these strains were reacted with the anti-S85-1377 antiserum. These results are consistent with the conclusion that the 0 antigen of the GNF isolate is antigenically distinct from the 0 antigen of these other isolates and hence probably accounts for the major serological differences observed in the agglutination and fluorescent-antibody analyses.
DISCUSSION
The GNF isolate of E. ictaluri has a different plasmid profile and is serologically distinct from strains of E. ictaluni routinely isolated from infected channel catfish. It was previously shown that E. ictaluri strains isolated from infected catfish in the southeastern United States contained two different small plasmids, designated pCL1 and pCL2. Comparisons of the restriction maps of these plasmids, as well as the inability to detect possible cointegrate structures in plasmid pools, suggested that partial homology of these plasmids was unlikely. Thus, on the basis of the consistency of detecting both plasmids in channel catfish isolates, it was suggested that these plasmids should be valuable tools in the presumptive identification of this bacterium from infected channel catfish. These findings have been confirmed by other investigators (8, 10) .
The use of hybridization analyses in which plasmidspecific probes are used to detect E. ictaluri has obvious potential, as related earlier (7) . Because of this potential, it was important to ensure that pCL1 and pCL2 did not cross-hybridize with each other. Another study indicated that these two plasmids cross-hybridized (11), although a subsequent study by this group indicated that pCL1 did not cross-hybridize with pCL2 (10). To resolve this question, pCL1 and pCL2 were twice purified from agarose gels and used as probes in hybridization analyses. These studies clearly showed that these probes do not cross-hybridize with each other and do not cross-hybridize with the bacterial chromosome.
Plasmid analysis of the isolates of E. ictalun from the danio and the GNF support the evidence of Newton et al. (8) and Reid and Boyle (10) that the GNF isolate contained plasmids which are different in size from those found in either the danio isolate or the E. ictalun strains routinely isolated from channel catfish. Both of these earlier investigations showed that the GNF isolate contained three plasmids which had molecular sizes of about 5.6, 4.0, and 3.0 kb. Reid and Boyle (10) showed that the 5.6-kb plasmid crosshybridized with probes derived from pCL1 and the 4.0-kb plasmid hybridized with probes derived from both pCL1 and pCL2. Plasmid profiles of the GNF isolate in the studies of both Reid and Boyle and Newton et al., however, did not appear to reflect the 6.0-kb plasmid which was identified in this study. This difference might reflect several possibilities, including comigration of the 6.0-and 5.7-kb plasmids in these earlier studies, the loss of the 6.0-kb plasmid from these cultures, or even integration of the 6.0-kb plasmid into the chromosome. It is not clear which of these possibilities might be correct. However, this study shows that the GNF strain contains two plasmids in addition to plasmids similar to pCL1 and pCL2. The 6.0-and 3.1-kb GNF plasmids have 205-11 6 97- In contrast, the GNF 5.7-kb plasmid hybridized with probes derived from pCL1, whereas the GNF 4.1-kb plasmid hybridized with probes derived from pCL2. Because high-stringency hybridization conditions were used in these analyses, these plasmids share considerable sequence similarity with pCL1 and pCL2, respectively. The possibility that strains of E. ictaluri may lose plasmids during cell culture is of potential concern, although earlier in vitro attempts to cure pCL1 and pCL2 from E. ictaluri proved difficult (7) . Studies have shown that a strain of E. ictalun isolated in Maryland from white catfish had a 4.0-kb plasmid which, by hybridization analysis, was probably similar to pCL2. However, this strain apparently lacked a 5.7-kb (pCL1-like) plasmid, and furthermore, hybridization analyses suggested that this plasmid was not integrated into the chromosome (10) . Whether this strain may have lost a plasmid similar to pCL1 is not known, but these observations seem to caution that plasmid analyses should be conducted with strains before extensive cell passage.
Earlier studies had shown that different isolates of E. ictalun appear to be biochemically homogeneous (15 In conclusion, this study has identified a strain of E. ictaluri isolated from an infected GNF which has a different plasmid profile and is antigenically distinct from isolates of E. ictaluni recovered from channel catfish in the southeastern United States. Of the four plasmids identified in the GNF strain, only the 5.7-kb plasmid was similar in size to one of the characterized plasmids (pCL1). Hybridization analyses, however, showed that the 5.7-kb plasmid and the 4.1-kb plasmid shared significant similarity to pCL1 and pCL2, respectively. The serological differences observed between the GNF isolate and the other E. ictaluni isolates examined were determined by Western blotting to reflect significant differences in the 0 antigens of these two serological groups.
These combined results suggest that isolates of E. ictaluri which have plasmid profiles different from those strains typically isolated from channel catfish should be examined to determine whether they are serological different from known isolates. It 
